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Abstract
%LRPLPLFU\ ORRNV WRQDWXUHDQGQDWXUDO V\VWHPV IRU LQVSLUDWLRQ$IWHU
PLOOLRQVRI \HDUVRI WLQNHULQJ1DWXUHKDVZRUNHGRXWVRPHHIIHFWLYHSUR-
FHVVHV,QQDWXUHWKHUHLVQRVXFKWKLQJDVZDVWH³DQ\WKLQJOHIWRYHUIURP
RQH DQLPDORUSODQW LV IRRG IRU DQRWKHU VSHFLHV ,QHIÀFLHQF\GRHVQ
W ODVW
ORQJ LQ QDWXUH DQGKXPDQ HQJLQHHUV DQGGHVLJQHUV RIWHQ ORRN WKHUH IRU
VROXWLRQVWRPRGHUQSUREOHPV
$QLPDOVSODQWVDQGPLFUREHVDUHWKHFRQVXPPDWHHQJLQHHUV7KH\KDYH
IRXQGZKDWZRUNVZKDW LVDSSURSULDWHDQGPRVW LPSRUWDQWO\ZKDW ODVWV
KHUHRQ(DUWK,QVWHDGRI KDUYHVWLQJRUJDQLVPVRUGRPHVWLFDWLQJWKHPWR
DFFRPSOLVKDIXQFWLRQIRUXVELRPLPLFU\GLIIHUVIURPRWKHUELRDSSURD-
FKHVE\FRQVXOWLQJRUJDQLVPVDQGHFRV\VWHPVDQGDSSO\LQJWKHXQGHUO\LQJ
design principles to our innovations. This new approach introduces an enti-
UHO\QHZUHDOPIRUHQWUHSUHQHXUVKLSWKDWFDQFRQWULEXWHQRWRQO\IRULQQR-
YDWLYHGHVLJQVDQGVROXWLRQVWRRXUSUREOHPVEXWDOVRWRWKHLPSRUWDQFHRI 
FRQVHUYLQJWKHELRGLYHUVLW\WKDWKDVVRPXFK\HWWRWHDFKXV
7KLVQHZÀHOGUHFRJQL]HVWKDWWKHJUHDWHVWVRXUFHRI LQYHQWLRQVLQWKH
8QLYHUVHLV(DUWKFRQVLGHULQJRXU3ODQHW
VELOOLRQ\HDUVRI HYROXWLRQDU\
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KLVWRU\RI OLIHLWKDVDOUHDG\VROYHGPDQ\RI WKHSUREOHPVZKLFKZHIDFH
WRGD\HQHUJ\IRRGSURGXFWLRQFOLPDWHFRQWUROQRQWR[LFFKHPLVWU\WUDQV-
SRUWDWLRQSDFNDJLQJDQGPXFKPRUH
2QWKHSUHVHQWVWXG\PRELOHOLQNVDUH
NH\VWRQH
RUJDQLVPVWKDWPRYH
DPRQJKDELWDWV DQGSURYLGH HVVHQWLDO HFRV\VWHP IXQFWLRQV VXFK DV SROOL-
QDWLRQ VHHGGLVSHUVDO RUQXWULHQW WUDQVORFDWLRQ$IWHUGLVWXUEDQFH VRPH
HFRV\VWHPIXQFWLRQVPD\EHFRPHGLVUXSWHGRUPD\GLVDSSHDUDOWRJHWKHU
0XFK OLNH VLPLODU KDELWDWV MRLQHG E\ FRUULGRUV WKHPRELOH OLQNV FRQQHFW
DUHDVWKDWPD\EHZLGHO\VHSDUDWHGVSDWLDOO\RUWHPSRUDOO\6SHFLHVVWUDWH-
JLHVDQGLQWHUDFWLRQVPXVWEHUHFRQÀJXUHGDIWHUGLVWXUEDQFHEDVHGRQUH-
VLGXDORUJDQLVPVDQGDQ\DOWHUHGHQYLURQPHQWDOFRQVWUDLQWV5HDVVHPEODJH
RI RUJDQLVPVPLJKWEHEDVHGRQ DQ HFRORJLFDOPHPRU\ WKDW FRQWULEXWHV
DQGOHDGVWRWKHUHFRYHU\RI WKHDIIHFWHGDUHD7KLVHFRORJLFDOPHPRU\LV
WKH FRPSOH[QHWZRUNRI  VSHFLHV DQG WKHLU UHODWLRQVZLWK HDFKRWKHU DQG
WKH HQYLURQPHQW %DVHG RQ WKH UHQHZDO F\FOH RI +ROOLQJZH GHYHORSHG
D ELRPLPLFU\ UHVLOLHQFHPRGHO WKDW LGHQWLÀHV UHFRYHU\ VWUDWHJLHV LQVSLUHG
E\RSSRUWXQLVWLF VSHFLHVFRORQL]DWLRQ WKHLU DFFXPXODWLRQDQG VWRUDJHRI 
UHVRXUFHVDQGWKHUHRUJDQL]DWLRQSKDVHVWRDQHZVWDELOLW\:HVWXGLHGDQG
FKDUDFWHUL]HGZKLFKLQWHUDFWLRQVWDNHSODFHZLWKLQDQGEHWZHHQGLVWXUEHG
and undisturbed areas that facilitate proliferation, regeneration and nutrient 
WUDQVORFDWLRQ7KHUHVLOLHQFHPRGHODOVRFRQVLGHUHGOLPLWDWLRQVVXFKDVGLV-
WDQFHIURPVRXUFHDUHDVDYDLODELOLW\RI GLVSHUVDODJHQWVDQGVXLWDELOLW\RI 
WKHGLVWXUEHGHQYLURQPHQW
7KLVUHVLOLHQFHPRGHOZDVFUHDWHGWRKHOSXQGHUVWDQGQDWXUDOUHFRYHU\
SURFHVVHV WKDWFDQEHHPXODWHGDIWHUGLVWXUEDQFHVDQGDSSOLHG WRKXPDQ
FRPPXQLW\GLVDVWHUSODQQLQJ
Keywords%LRPLPLFU\0RGHO1DWXUDOGLVWXUEDQFHV
Resumo
$ELRPLPpWLFDROKDSDUDDQDWXUH]DHRVVLVWHPDVQDWXUDLVFRPRDEDVH
GDLQVSLUDomR$SyVPLOK}HVGHDQRVGHHYROXomRD1DWXUH]DWHPDOFDQoD-
GRD UHVROXomRGHSURFHVVRVHÀFD]HV1DQDWXUH]DQmRH[LVWHPUHVtGXRV
RXGHVSHUGtFLRV²WXGRRTXHVREUDpUHXWLOL]DGRSRURXWURVRUJDQLVPRV
,QHÀFLrQFLDQmRH[LVWHHPVLVWHPDQDWXUDLV HRVHQJHQKHLURVKXPDQRVH
GHVLJQHUVSURFXUDPQHODDVVROXo}HVSDUDRVSUREOHPDVDWXDLV
$QLPDLVSODQWDVHPLFURUJDQLVPRVVmRRVHQJHQKHLURVFRQVXPDGRV(V-
WHVPRVWUDPRTXHIXQFLRQDRTXHpDSURSULDGRHPDLVLPSRUWDQWHRTXH
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pVXVWHQWiYHOHSHUGXUD(PYH]GHGRPHVWLFDURXXWLOL]DURVRUJDQLVPRV
HP IXQomR GR+RPHP R ELRPLPHWLVPRGLIHUH GH RXWURV ELR DERUGD-
JHQVFRQVXOWDQGRRUJDQLVPRVHHFRVVLVWHPDVHDSOLFDQGRRVSULQFtSLRVGH
GHVLJQVXEMDFHQWHVjVQRVVDVLQRYDo}HV(VWDFLrQFLDTXHHPXODRUJDQLVPRV
HVLVWHPDVQDWXUDLVLQWURGX]XPDDERUGDJHPFRPSOHWDPHQWHQRYDSDUDR
HPSUHHQGHGRULVPRTXHSRGHFRQWULEXLUQmRVySDUDSURMHWRVLQRYDGRUHVH
VROXo}HVGHSUREOHPDVPDVWDPEpPSDUDDLPSRUWkQFLDGDFRQVHUYDomRGD
ELRGLYHUVLGDGHTXHGHWpPDLQGDPXLWDVOLo}HVDDSUHQGHU(VWHQRYRFDPSR
UHFRQKHFHTXHDPDLRUIRQWHGHLQYHQo}HVQR8QLYHUVRpD7HUUDFRQVL-
GHUDQGRGHDQRVGDKLVWyULDHYROXWLYDGDYLGDDQDWXUH]DMi
UHVROYHXPXLWRVGRVSUREOHPDVTXHHQIUHQWDPRVKRMHGHSURGXomRHDU-
PD]HQDPHQWRGHHQHUJLDSURGXomRGHDOLPHQWRVFRQWURORGHWHPSHUDWXUD
WUDQVSRUWHHPEDODJHQVHPXLWRPDLV
1RSUHVHQWHHVWXGRXWLOL]DVHDELRPLPpWLFDVLVWpPLFDSDUDFULDUXPPR-
GHORGHUHVLOLrQFLDLQVSLUDGRQDGLQkPLFDGRVRUJDQLVPRVDSyVDSHUWXUED-
omRGHXPDHFRVVLVWHPD
$VOLJDo}HVPyYHLVVmRRVRUJDQLVPRV´IDFWRUIXQGDPHQWDOµTXHVHPR-
YHPHQWUHKDELWDWVHIRUQHFHPIXQo}HVHVVHQFLDLVDRVHFRVVLVWHPDVFRPRD
SROLQL]DomRGLVSHUVmRGHVHPHQWHVRXWUDQVORFDomRGHQXWULHQWHV'HSRLV
GHSHUWXUEDomRDOJXPDVIXQo}HVGRHFRVVLVWHPDSRGHPVHULQWHUURPSLGRV
RXSRGHPGHVDSDUHFHUFRPSOHWDPHQWH0XLWRVHPHOKDQWHVFRPRVKDELWDWV
VHPHOKDQWHVXQLGRVSRUFRUUHGRUHVDVOLJDo}HVPyYHLVFRQHFWDPiUHDVTXH
SRGHPVHUDPSODPHQWHVHSDUDGRVHVSDFLDLVRXWHPSRUDOPHQWH$VHVWUDWp-
JLDVGDVHVSpFLHVFRPLQWHUDo}HVGHYHPVHUUHFRQÀJXUDGDVDSyVSHUWXUED-
omREDVHDGDHPRUJDQLVPRVUHVLGXDLVDUHVWUXWXUDomRGDVFRPXQLGDGHVGH
RUJDQLVPRVSRGHEDVHDUVHQXPDPHPyULDHFROyJLFDTXHFRQWULEXLHOHYDj
UHFXSHUDomRGDiUHDDIHWDGD(VWDPHPyULDHFROyJLFDID]SDUWHGHXPDFRP-
SOH[DUHGHGHHVSpFLHVHGDVVXDVUHODo}HVFRPRPHLRDPELHQWH&RPEDVH
QRFLFORGHUHQRYDomRGH+ROOLQJGHVHQYROYHXVHXPPRGHORGHUHVLOLrQFLD
ELRPLPHWLFDTXHLGHQWLÀFDHVWUDWpJLDVGHUHFXSHUDomRLQVSLUDGDVQDFRORQL-
]DomRGHHVSpFLHVRSRUWXQLVWDVVXDDFXPXODomRHDUPD]HQDJHPGHUHFXUVRV
HDVIDVHVGHUHRUJDQL]DomRSDUDXPDQRYDHVWDELOLGDGH)RUDPHVWXGDGDVH
FDUDFWHUL]DGDVTXHLQWHUDo}HVRFRUUHPGHQWURHHQWUHiUHDVSHUWXUEDGDVH
QmRSHUWXUEDGDVTXHIDFLOLWDPDSUROLIHUDomRUHJHQHUDomRHWUDQVORFDomRGH
QXWULHQWHV2PRGHORGHUHVLOLrQFLDWDPEpPFRQVLGHUDGDOLPLWDo}HVFRPR
GLVWkQFLD GH iUHDV GH RULJHP D GLVSRQLELOLGDGH GH DJHQWHV GLVSHUVRUHV H
DGHTXDomRGRDPELHQWHSHUWXUEDGR
(VWHPRGHORGHUHVLOLrQFLDIRLFULDGRSDUDDMXGDUDFRPSUHHQGHURVSUR-
FHVVRVGHUHFXSHUDomRQDWXUDLVTXHSRGHPVHUHPXODGRVDSyVSHUWXUEDo}HV
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HDSOLFDGDDRSODQHDPHQWRGHGHVDVWUHVHPFRPXQLGDGHKXPDQD
Palavras-chave%LRPLPpWLFD0RGHOR'LVW~UELRVQDWXUDLV6XVWHQWDELOL-
dade
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